Abstract. In order to ensure wind power accommodation with security constraints, the active power real-time dispatch for wind power integrated system need to handle the contradiction between intermittent wind power and power network security, aiming at security-economy coordination. Therefore, the mathematical uncertainty models of wind power and N-1 transmission line faults are constructed, and a risk-based decision-making model for real-time dispatch is proposed based on probability and criticality analysis of stochastic disturbance, which reducing the total risk under different operation conditions in the future period. And the simulation results of 30-bus test system verified the rationality and effectiveness of the proposed method.
Introduction
Wind power is difficult to be accurately predicted, the real-time dispatch for wind power integrated system makes the optimal dispatching decisions of generator output to revise the deviation between the original plan and real-time prediction [1] , which directly decides the actual wind power accommodation. However, the volatility of wind power makes the stochastic power flow intensified, increasing the security risk of transmission network. The real-time dispatch method is needed to handle the contradiction of intermittent wind power and power network security controlling. Thus, a useful method for real-time dispatch is needed to be proposed for coordination between economic operation and security risk. The motivation of this study is to provide such a method.
At present, the security constrained optimal power flow (SCOPF) theory is common used for real-time dispatch [2] . In [3] , scheduling models with dual goals of maximizing wind power and minimizing primary energy consumption is proposed along with security constraints of transmission network, but the safety level cannot be measured with this method, and mathematical security-economy coordination is scarce, leading to the conservative or aggressive decisions. In [4] , a new method with risk considerations is constructed to quantify the security risk of wind power volatility, but this method has no considerations for N-1 transmission line faults, and the anti-jamming capacity of real-time dispatch need to be improved. The coordination between economic operation and security risk should be more considered to strengthen defense to different stochastic disturbances, which is significant in real-time dispatch for wind power integrated system.
In this paper, the uncertainty of wind power and N-1 transmission line fault is quantified with mathematical methods, and a risk-based model for real-time dispatch is proposed with probabilistic dispatching theory [5] . With the dispatching decision of the proposed modeling method, the total risk value during scheduling period of system under different disturbance is minimized based on probability and criticality analysis to realize coordination between economic operation and security risk. And application results of the proposed real-time dispatch modeling method to a 30-bus test system are presented to illustrate its effectiveness.
Mathematical Quantitative Method of Stochastic Disturbance
The uncertainty modeling builds the foundation of risk-based model for real-time dispatch in this paper, which quantifies the probability characteristics of main stochastic disturbances including wind power fluctuation and N-1 transmission line faults.
The Markov Chain theory [6] can reflect the sequential characteristic of wind power variation effectively. The transition probability of wind power estimations between the states of successive time instances can be used for the uncertainty modeling. Assume the current wind power state known as (1 ) i w i N   , then the uncertainty of wind power variation can be quantified by deterministic multi-states in the next future time interval with different probabilistic values, which calculated as:
where ij p represents the probability from state ( 
where max L is the limit normal power value of transmission line in correct order, limit L is the extreme value of transmission line, l p and l p are statistical value by history operating data for years.
Because of the computational requirements, real-time dispatch cannot take every single line fault into account. Considering the preconceived accident set with NS line faults, the probabilistic value is calculated as:
Real-time Dispatch Modeling with Probabilistic Dispatching Theory
Compared with traditional methods, the probabilistic dispatching theory [5] has risk considerations, and provides an optimal solution to minimize the total risk value during scheduling period of system, including the economic cost with normal operation and risk losses with stochastic disturbance. And at current time t, the real-time dispatch is made to modify the original plan of conventional generation at time t+T (T=15min in this paper) made by day-ahead scheduling, aiming at revise the deviation caused by real-time prediction values. In this paper, the programming method for real-time dispatch using probabilistic dispatching theory sets optimization variables as adjustment values 
where NS and Nk denote the total number of preconceived transmission line faults and wind power states respectively; 0 S  denotes the economic cost of conventional generation output adjustment in normal operation conditions with no transmission line faults and wind power is real-time prediction; 
where Gi P  denotes the generation output adjustment of unit i, and S refers to the total loss value of wind and power curtailment because of network security constraints in disturbed system operation conditions. The optimal power flow (OPF) method for load power curtailment optimization [6] is used to calculate s k S in this paper with the optimizing goal is to minimize the total losses caused by wind power and load power curtailment. In this paper, the model is linearized and solved by using of DC power flow method, which is widely used in risk analysis of power system. The detail mathematical model is shown as:
, ,
where ( ) s k X A denotes the incidence matrix of network in disturbed operation condition
C and W C respectively denote the vector of branch power, conventional power generation, wind power generation, load power, load power curtailment and wind power curtailment, ( ) N respectively denote the total number of generator nodes, load nodes, wind nodes and branches. Li  and Wi  respectively denote the loss value coefficients of load and wind power curtailment, which can be decided by load characteristics and wind farm generation characteristic.
System Constraints

1)
System power balance constraint:
where W P and L P denote the real-time total wind power and load power prediction. 2) Up/down spinning reserve requirements constraints:
where R  denote the total up/down spinning reserve capacity; 
where Gi P  is the given threshold value of i th unit generation adjustment.
Numerical Simulation
The proposed real-time dispatch model is applied to IEEE 30-bus system to illustrate its effectiveness, and solved by particle swarm optimization (PSO) method [7] . The network of IEEE 30-bus system is shown in Figure1 Three different cases are set to conduct a comparative analysis for effective verification of the proposed method. The plan of case 1 gets the lowest economic cost, but faces the highest risk loss. The plan of case 2 can provide an effective way to reduce the risk loss caused by wind power fluctuation. And the plan of case 2 has a further reduction of risk loss with more consideration of transmission line faults. It can be seen that the proposed real-time dispatch method realizes a good coordination between economic operation and security risk, which provide optimal plan with best economic cost while risk losses reduced to a certain level.
And the calculations of power flow distribution of different cases are conducted to have a further analysis, the loading rate of critical transmission lines are shown in Table4. Branch 25-27 has the highest loading rate and easily breaks the power constraints when N-1 transmission line faults happened, because it connects the wind farm and is the critical branch for wind power transmission and network security. The proposed real-time dispatch method will reduce the loading factor of critical branch effectively to provide more reserved network capacity for power transmission in uncertain environments. 
Summary
This paper realized good security-economy coordination for real-time dispatch for wind power integrated system, and proposed a probabilistic modeling method with risk considerations. Based on the mathematical uncertainty analysis of wind power and N-1 transmission line faults, the total risk of system in different conditions was calculated by probability and criticality analysis. And the total risk value was used to guide the real-time dispatch planning to improve the anti-jamming capacity for different stochastic disturbances. And the simulation results of 30-bus test system verified the rationality and effectiveness of the proposed method.
